Plant diets of 2 sympatric species of wood mice in Japan (Apodemus argenteus and A. speciosus) were determined by DNA meta-barcoding analyses of feces using the nucleotide sequences of the chloroplast trnL P6 loop intron region as a molecular marker. The 2 species showed a relatively large degree of niche overlap in plant dietary profiles, feeding mostly on acorn-producing Fagaceae species (assumed to be Quercus crispula). However, A. argenteus was less dependent on Fagaceae species than A. speciosus. Instead, A. argenteus had a wider niche breadth, feeding upon a wider range of plant families such as Betulaceae, Fabaceae, Oleaceae, Pinaceae, Rutaceae, Sapindaceae, Tiliaceae, and Ulmaceae, which were consumed only infrequently by A. speciosus. There was also evidence for species differences in diet across seasons. Oleaceae species (assumed to be Fraxinus mandshurica) were consumed by A. argenteus from June to August, and by A. speciosus from August to October. The results suggested that A. argenteus is a generalist feeder, and A. speciosus a specialist, and the 2 Apodemus species separate their dietary niches not only by the component plant species overall, but also by differences within seasons.
Species coexistence is thought to be facilitated by niche partitioning of resources such as habitat or diet, which may reduce competitive interactions in an organismal community (HilleRisLambers et al. 2012) . Clarifying community structure and determining how species coexist are important for understanding the mechanisms promoting biodiversity at the species level. Although niche partitioning has been examined extensively, newly developed molecular techniques bring the opportunity for finer-scale resolution of resource use. Recently, researchers have used DNA barcoding (Kartzinel et al. 2015; Lopes et al. 2015) and stable isotopes (Djagouna et al. 2016; Galetti et al. 2016 ) to assess dietary niche overlap and segregation, and ultimately the discrimination of niches of coexisting species.
Phylogenetic assessments have indicated that a mammalian community tends to be a nonrandom subset of regional species, being composed of distantly related species (Cardillo et al. 2008; Cooper et al. 2008) . This suggests that a certain degree of ecological niche segregation is needed for their coexistence. This tendency is widely observed among a variety of organisms such as fungi (Maherali and Klironomos 2007) or ciliate protist species (Violle et al. 2011) . Consistent with this general tendency, assemblages of terrestrial mammals in the Japanese archipelago are found to be phylogenetically diverse (Sato 2016) . However, it is not clear what specific ecological niche differences enable phylogenetically overdispersed sympatric mammals in Japan to coexist.
Two sympatric and congeneric species of wood mice (Rodentia: Muridae), the small Japanese wood mouse (Apodemus argenteus) and the large Japanese wood mouse (A. speciosus), occur throughout Japan. They are adapted to forest environments, relying on forest resources such as acorns (e.g., Onodera et al. 2017) . Apodemus speciosus has often been used as a model species to assess forest fragmentations and island isolation (Sato et al. 2014 (Sato et al. , 2017 . Although they are congeneric, the divergence time between these 2 species was estimated to be quite old among the Japanese mammals, providing an example of the phylogenetic dispersion (ca. 7.3 Ma [million years ago]- Suzuki et al. 2008) . However, details of the mechanisms that segregate their niches have not been examined. In the past, the diets of Apodemus species have been assessed through direct observation of food items in feces or stomach contents under the microscope (Abe and Oya 1974; Mizushima and Yamada 1974; Tachibana et al. 1988 ); however, it is difficult to specifically identify their source from tiny amounts of remaining organic material in samples from these small-bodied rodents. Therefore, dietary profiles for these species remain to be fully determined, and consequently, niche partitioning according to a fine-scale resolution of diet has not been demonstrated. Onodera et al. (2017) showed that the acorn production in the previous year had a positive effect on the population abundance of A. speciosus, while that effect was much less for A. argenteus (see also Saitoh et al. 2007 ). They also suggested that A. speciosus had a higher tolerance against noxious substances (tannins) in acorns of Quercus crispula than A. argenteus. Based on these results, they considered that the extent of the consumption of dietary tannins might differ between the species due to their feeding habits. However, the dietary items were not examined in that study, and the direct connection between the acorn production and the abundance of the Apodemus species remains to be solved.
DNA barcoding is useful for assessing biodiversity by identifying taxa using genetic markers (Valentini et al. 2009a; Kress et al. 2015) . DNA-based analysis has been found to identify more detail of dietary content than traditional morphological or microhistological observations (Soininen et al. 2009; Ando et al. 2013) . Currently, the DNA meta-barcoding approach based on the sensitive and high-throughput next-generation sequencing (NGS) technology is used increasingly to document biodiversity in various ecosystems (Valentini et al. 2009a (Valentini et al. , 2009b Taberlet et al. 2012; Cristescu 2014) . Such a recent advancement applying NGS meta-barcoding has provided good opportunity to reliably estimate dietary characteristics of animal species.
In this study, we profile plant diets of 2 sympatric species of wood mice in Japan, A. argenteus and A. speciosus, using DNA meta-barcoding analyses with NGS, and compare their dietary profiles to explore the niche partitioning and the mechanism of coexistence between them.
Materials and Methods
Study area and species.-We conducted the field survey at the Uryu Experimental Forest of Hokkaido University in Horokanai, Hokkaido, Japan (44°03-29′N, 142°1-20′E; Fig. 1 ; Hokkaido is the northernmost island of Japan). The study site is located in a mixed forest of conifers and broad-leaved trees. Data on the population dynamics of Apodemus species (Saitoh et al. 2007; Onodera et al. 2017 ) and indigenous flora and fauna have been accumulated in this station, rendering the study site suitable to study the diet of Apodemus species. The average annual temperature is 3.5°C, while the difference between the warmest and coldest temperatures is quite large (more than 30°C in summer [the highest temperature was 34.1°C in July 1989] to less than −30°C in winter [the lowest temperature was −41. 2°C in February 1978] ). Annual precipitation is 1,410 mm, and maximum snow depth is 275 cm. The study site is covered by snow from December to May, making the sampling of the wood mice more difficult. Detailed information about the obtained samples is summarized in Supplementary Data SD1.
The 2 Apodemus species are small-sized rodents; body mass of A. argenteus and A. speciosus is ca. 10-20 and 20-50 g, respectively (Ohdachi et al. 2015; Supplementary Data SD1) . Interspecific competitive interactions may be asymmetric; antagonistic effects from A. speciosus to A. argenteus may be greater than the opposite because of their body sizes (Sekijima and Sone 1994) . Since A. argenteus is semiarboreal, whereas A. speciosus is terrestrial, their use of space is partly segregated despite that they occur sympatrically (Doi and Iwamoto 1982; Sekijima 1993) . The 2 Apodemus species are basically omnivorous or granivorous (e.g., Abe and Oya 1974; Mizushima and Yamada 1974; Tachibana et al. 1988) , and show hoarding behavior of acorns before winter (Miyaki and Kikuzawa 1988; Sone et al. 2002) . There is geographic variation in the breeding season of A. argenteus and A. speciosus along the Japanese archipelago (once or twice per year -Fujimaki 1969 -Fujimaki , 1970 Yoshida 1972; Murakami 1977) , but, in Hokkaido, the majority of breeding activity occurs once from April to September (peak is in July to August) for A. argenteus (Fujimaki 1969 (Fujimaki , 1970 and once from April to September (peak is in April to June) for A. speciosus (Kondo and Abe 1977) .
Sampling and DNA extraction.-Livetrapping of wood mice was conducted at the study site from June to October in 2014 with Sherman live traps (H. B. Sherman Co., Tallahassee, Florida) baited with oats and sunflower seeds with permission from the Hokkaido Government. Around the study site, no oats and sunflowers were cultivated. Therefore, we attributed oat and sunflower reads detected in this study to the baits for trapping. Traps were set at 10-m intervals in 2-4 grids (ca. 0.5 ha) with 4-5 100-m lines in each month. Forty-three individuals of A. argenteus and 49 of A. speciosus were captured, and feces were sampled from each individual. Mice were released at the point of capture after sampling feces and recording their weight and sex. All the treatment of live animals followed guidelines of the American Society of Mammalogists (Sikes et al. 2016 ).
We applied the conventional phenol-chloroform method (Sambrook and Russell 2001) to isolate genomic DNA from fecal samples that had been preserved in a −80°C freezer until DNA extraction. Before the treatment of Proteinase K, 3 fecal pellets were cut intensively with sterile scissors inside the 2.0 ml microtube. We extracted DNA for all the individuals from 11 January to 2 February 2016 (Supplementary Data SD1). We assumed that the difference in the time gap between feces collection and the DNA extraction among all individuals (within ca. 4 months) did not differentially affect the extent of the DNA degradation in feces. See Supplementary Data SD1 for concentration and purity of the isolated DNA.
Polymerase chain reaction and DNA purification.-We selected the P6 loop of the chloroplast trnL (UAA) intron (hereafter trnL) as a marker for detecting dietary plant species, which has an appropriate feature for the DNA meta-barcoding of fecal samples in terms of the abundant reference sequences in the DNA database and the utility of its short target fragment for possibly degraded DNA samples . The primers used for polymerase chain reaction (PCR) were those designed previously (Taberlet et al. 2007 ). To amplify the trnL in PCR, we followed methods in Taberlet et al. (2007) and Ando et al. (2013) . The 5′-end of the forward primer was tagged by 8-bp nucleotide sequences (MID; multiplex identifiers) and a 3-bp barcode adaptor (GAT) to identify each sample after the sequencing run (Valentini et al. 2009b (QIAGEN, Tokyo, Japan) for the PCR reaction. The PCR reaction mixture contained ca. 50 ng of template DNA, 0.24 μM of each primer, and 2× QIAGEN Multiplex PCR Master Mix in total of 10 μl. The PCR conditions were as follows: a cycle of denaturation at 95°C for 1 min, 40 cycles of denaturation at 94°C for 30 s, annealing at 57°C for 90 s, extension at 72°C for 1 min, and a final cycle of extension at 72°C for 10 min. We then used ExoI (Exonuclease I; TAKARA, Shiga, Japan) and SapI (TSAP; Promega, Tokyo, Japan) hydrolases to remove the remaining primer and dNTP in the post-PCR reaction mixture, and then applied a High Pure PCR Product Purification Kit (Roche Diagnostics, Tokyo, Japan) for the purification of PCR products.
Emulsion PCR, enrichment, and sequencing.-Emulsion PCR was performed on an Ion OneTouch 2 (ThermoFisher Scientific, Tokyo, Japan) to make the sequence library. Then, an Ion OneTouch ES (ThermoFisher Scientific, Tokyo, Japan) was used for the enrichment of successful emulsion PCR products using a biotin-streptavidin interaction. Finally, we used an Ion PGM (ThermoFisher Scientific, Tokyo, Japan) for sequencing the fragments on each bead loaded on the semiconductor chip (Ion 318 Chip v2; ThermoFisher Scientific, Tokyo, Japan). All the procedures above were performed according to the manufacturer's instructions.
Data analyses.-We used the software Claident (Tanabe and Toju 2013) for assigning obtained sequences to each individual of the Apodemus species according to the MID tag and cleaning up the sequence data obtained from Ion PGM sequencing by excluding low-quality sequences (minor sequences or those that were too short; minqual = 20, minlen = 50 in the Claident) and chimeric sequences. Using the program Blast2go (biobam- Conesa et al. 2005) , only blast hit sequences with E-values less than 1.0e-10 were included as data for the analyses below. To reduce the possibility of false positive by including unreliable reads in the analyses, we excluded the blast hit species represented by less than 10 reads. We then converted the read data to binary presence (1) or absence (0) format to understand how many wood mice individuals ate the identified plants (the occurrence data). In the final step to determine the dietary taxon for each obtained sequence, we performed a BLAST search (Altschul et al. 1990 ) on the NCBI database, and then obtained a taxon or a group of taxa with the highest BLAST hit value (Supplementary Data SD2).
In addition to the binary occurrence data, we also examined the number of the sequence reads generated from the NGS method quantitatively. Inference of the dietary proportion of animals from the reads has been criticized because various biological and technical factors may influence the abundance of reads (Deagle et al. 2010 (Deagle et al. , 2013 Nakahara et al. 2015) . On the other hand, some studies used the number of reads to estimate the abundance of foods semiquantitatively (e.g., Willerslev et al. 2014; Kartzinel et al. 2015; Nakahara et al. 2015) . In this study, we compared the read data to the binary occurrence data at the plant family level and tried to capture the semiquantitative property of the dietary components.
Niche breadth of each Apodemus species and niche overlap between them were assessed with the indicspecies package (De Cáceres et al. 2011 ) within RStudio (RStudio Team 2015 . Indices for niche breadth and overlap were based on Rao (1982) and Pianka (1974) , respectively. Statistical significance for niche overlap was assessed using the EcoSimR package for R (Gotelli et al. 2015) with the default randomization algorithm, ra3 (Lawlor 1980) .
results
Sequences detected.-We detected 51 trnL sequences for possible dietary plant taxa (26 families), excluding the unreliable sequence based on the criteria described above. The sequence length of the target region was 59 bp on average (50-60 bp). A total of 89,239 reads were obtained from the fecal samples, with 73,725 reads taken into consideration for the following analyses (47,036 and 26,689 reads for A. argenteus and A. speciosus, respectively; Supplementary Data SD3), excluding taxa based on the criteria above. Among 8 detected sequences identified as the Poaceae species in the BLAST search, 4 sequences showed the highest similarity with the sequence of the oat, Avena sativa, that was used as a bait for trapping mice (30,219 and 17,428 reads for A. argenteus and A. speciosus, respectively; Supplementary Data SD3). These 4 sequences were different only in length and otherwise had an identical sequence. We therefore excluded these 4 "bait" sequences. Among 6 detected sequences identified as the Asteraceae species in the BLAST search, 3 sequences were from the common sunflower, Helianthus annuus, that was also used as bait. The numbers of reads for these 3 sequences were 8,051 and 2,772 for A. argenteus and A. speciosus, respectively (Supplementary Data SD3), and were identical apart from differences in length. We therefore removed all the reads corresponding to the bait species (oats and sunflowers), and ultimately used 8,766 and 6,489 non-bait reads for the dietary analyses of A. argenteus and A. speciosus, respectively (Supplementary Data SD3).
Using BLAST, we performed homology searches for the 51 sequences obtained. Most of those sequences (33 of 51) were identified as species from multiple genera in a particular family (Supplementary Data SD2). When we encountered identical sequences with different lengths (due to a difference in the number of 1-bp repeats in a homopolymer, or the difference in the sequenced frame), we treated these sequences as identical (Supplementary Data SD4 and SD5) and as 1 food item in the diet of an individual. Seven of 51 sequences matched to more than 1 genus in different families, and we selected the most likely candidate family where more than 95% of the BLAST top-hit sequences supported that family (Supplementary Data SD2). For example, although sequence 41 (see Supplementary Data SD2) was identified as species in Rosaceae or Rhamnaceae, we selected Rosaceae because 192 BLAST top-hit sequences belonged to Rosaceae and only 1 to Rhamnaceae (192/193 > 0.95 for Rosaceae; Supplementary Data SD2). Consequently, we assigned 2, 16, and 33 obtained sequences (in total 51) to a species, a genus, and a family, respectively (Supplementary Data SD4).
Dietary plants for A. argenteus and A. speciosus.-On average, 3.0 plant taxa (min 0 -max 8) were detected from 3 fecal pellets per individual A. argenteus, and 1.4 (min 0 -max 5) plant taxa per individual A. speciosus. Food items identified are listed in Table 1 . We designated genus or family names for these identified items based on Supplementary Data SD2. Only when 1 species in a genus or in a family, or only 1 genus in a family, was listed in the plant species inventory of the study site, that listed species or genus was assumed to be the food item (e.g., Q. crispula in Fagaceae; see also Supplementary Data SD4).
As expected from the hoarding behavior of the Apodemus species, both Apodemus species depend on acorn-producing tree species in the Fagaceae (assumed to be Q. crispula). A larger number of individuals of A. speciosus (18 of 49 individuals) took Fagaceae species than A. argenteus (9 of 43 individuals; Fig. 2) . Similarly, the number of reads for Fagaceae species for A. speciosus (3,622) was much larger than that for A. argenteus (598; Table 1; Fig. 3) .
In terms of the presence and absence of the plant families, the 2 mouse species consumed a similar diversity of food items. Food items of A. argenteus were derived from 20 families, and from 21 families for A. speciosus. Sixteen plant families were present in the diets of both mouse species, while 5 families (Apiaceae, Astraceae, Celastraceae, Rosaceae, and Salicaceae) were found only in the diet of A. argenteus, and 6 families only in the diet of A. speciosus (Apocynaceae, Araceae, Cannabaceae, Polygonaceae, Ranunculaceae, and Urticaeae). The frequency of occurrence for food items consumed by both species was high in comparison with that for unshared food items in 1 of the Apodemus species. Mean frequency of shared and unshared food items was 7.47 and 1.60 occurrences for A. argenteus, respectively (Brunner-Munzel permutation test, P = 0.0007), while they were 3.87 and 1.67 occurrences for A. speciosus, respectively (Brunner-Munzel permutation test, P = 0.1727). We then defined "major" diet items as those plants occurring in more than an arbitrarily chosen value of 10 individuals (from Fig. 2) . The diversity of these major diet items was clearly different in the 2 species. For A. speciosus, the only major family represented in the diet was the Fagaceae (see also Fig. 3A) , but for A. argenteus there were 7 major families (Betulaceae, Fabaceae, Oleaceae, Pinaceae, Poaceae, Tiliaceae, and Ulmaceae; see also Figs. 3B-G). The sequence read data also supported the difference in diets between A. argenteus and A. speciosus and implied that Rutaceae was also a main dietary family on which A. argenteus heavily relied. Most of these 8 families (Betulaceae, Fabaceae, Oleaceae, Pinaceae, Poaceae, Rutaceae, Tiliaceae, and Ulmaceae) were tall tree species ( Data SD4 and SD5 ). These proportions indicate that both wood mouse species relied on tall trees, and that A. argenteus consumed non-Fagaceae tall trees more frequently. Generally, the result from the number of reads was consistent with that from the binary occurrences except for some differences observed for Rutaceae and Urticaceae (see "Discussion" for the reason of these differences; Figs. 2 and 3) .
Niche breadth based on the total diet (all seasons combined) of A. argenteus and A. speciosus was 0.458 and 0.443, respectively (95% credible interval [CI]: 0.455-0.462 for A. argenteus and 0.426-0.459 for A. speciosus). The niche breadth of A. argenteus appeared to be higher than that of A. speciosus; however, the 95% CIs overlapped slightly.
Niche overlap between A. argenteus and A. speciosus based on the total diet was 0.672. In the probability distribution of the niche overlap index obtained from the null model (ra3) in EcoSimR, the upper value of the 95% range (2-tail) was 0.639, and lower than the observed value (Supplementary Data SD6) . The probability that the observed value occurs under the conditions of the null model was smaller than 0.01, indicating that the niche overlap between the 2 Apodemus species was significantly higher than would be expected from the null model.
Seasonal changes in plant diets.-Data from proportions of occurrences and Ion PGM reads both showed seasonal changes in the dietary components of both Apodemus species (Fig. 4) . Both Apodemus species consumed species of Fagaceae and Pinaceae more frequently in the latter half of the year (AugustOctober; Figs. 5A and E based on the occurrences data). Conversely, both Apodemus species consumed species in the Ulmaceae (Ulmus sp.) earlier in the year (June-August; Fig. 5G based on the occurrences data). The 2 Apodemus species consumed Oleaceae species (assumed to be the Manchurian ash, F. mandshurica; Table 1) in different seasons, being consumed by A. argenteus from June to August (the peak was in July), and by A. speciosus from August to October (the peak was in September; Fig. 5D based on the occurrences data).
The niche breadth of A. speciosus varied seasonally (Fig. 6A ). It increased from 0.139 in June to 0.445 in August. Niche breadths in June and July were significantly lower than those in August and October, given that the 95% CIs did not overlap between those months. The niche breadth of A. argenteus was stable at around 0.41-0.45 (Fig. 6A) . The niche breadth of A. speciosus was significantly narrower than that of A. argenteus in June and July, while niche breadth was similar between the 2 Apodemus species in other months. Niche overlap varied seasonally, with a corresponding seasonal change in the niche breadth of A. speciosus (Fig. 6B) . The indices of niche overlap in July were significantly lower than those in August and September.
discussion
Diets of the Apodemus species.-Previous studies of the diets of Apodemus species identified most taxa only at the level of order (direct observation of feces or stomach contents-Abe and Oya 1974; Mizushima and Yamada 1974; Tatsukawa and Murakami 1976; Tachibana et al. 1988) or provided relatively lower numbers of taxa (the tooth marks on fallen seedsHayashi et al. 2011; small-scale DNA barcoding analyses with subcloning method- Shirako et al. 2014 ). The present NGS meta-barcoding analyses of the fecal DNA provided a moredetailed view of dietary components, and revealed the differences in dietary plants between the 2 Apodemus species.
Our study indicated that A. speciosus were more dependent on Fagaceae plants than A. argenteus (Figs. 2 and 3) . The Fagaceae includes many acorn-producing tree species (e.g., the oaks, Quercus), but, around the study area, Q. crispula is the only species of Fagaceae represented. Therefore, we assumed that the Fagaceae species detected was Q. crispula. In the same study site, Saitoh et al. (2007) and Onodera et al. (2017) demonstrated that the population dynamics of A. speciosus was positively associated with the acorn production of Q. crispula, but that of A. argenteus was less so, and predicted that the difference in response to acorn production might be caused by the different diets of these species. The higher dependency of A. speciosus on the Fagaceae species demonstrated by this study supports this prediction. Moreover, it is congruent with the ability of A. speciosus to be more tolerant to harmful effects of tannins contained in acorns through their possession of tannin-binding salivary proteins and tannase-producing enterobacteria (Shimada et al. 2006; Onodera et al. 2017) . In other areas of Japan, such as forest in the Mt. Fuji region (Central Honshu), a higher dependency on the acorn-producing Quercus trees by A. speciosus was apparent, compared with A. argenteus which mainly relies on other tree species such as the Japanese red pine Pinus densiflora and the Japanese larch Larix kaempferi (Sekijima 1999) . Therefore, a higher dependency of A. speciosus on Fagaceae species, and the diverse diet of A. argenteus are considered to be characteristic throughout Japan.
Niche partitioning of 2 Apodemus species.-With the DNA meta-barcoding analyses from feces using NGS, we obtained a more finely resolved perspective of the plant diets of the Apodemus species, and showed a wider niche breadth of A. argenteus on tree species and a higher dependency of A. speciosus on Fagaceae species (Q. crispula) as described above. These results suggest that A. argenteus and A. speciosus partition themselves by adopting a generalist and a specialist strategy, respectively. This pattern was also observed in 2 sympatric species of Ctenomys rodents in Brazil (Lopes et al. 2015 ). An advantage of the NGS meta-barcoding analysis compared with traditional methods lies in the higher sensitivity for the detection of minor dietary components. While the 2 Apodemus species shared a species of Fagaceae as major dietary resource, their diets differed in terms of the other plant items. Razgour et al. (2011) similarly clarified that albeit with a large overlap in the main components of diets, 2 sympatric species of Plecotus bats achieved segregation based on rarer dietary items. Kartzinel et al. (2015) also demonstrated niche segregation of sympatric large mammalian herbivores in the African savanna with fine-scale identification of species in the diet. As observed in the previous studies, segregation based on minor dietary components may promote the coexistence of the 2 Japanese Apodemus species.
Niche partitioning by diet also may be reflected in other morphological and ecological characteristics (Emrich et al. 2014) . There is a large difference in body size between these 2 Apodemus species. Thus, the larger A. speciosus might be competitively superior to the smaller A. argenteus in competition for acorn resources. Locomotory habits also might be associated with niche separation (Galetti et al. 2016) . Vertical habitat segregation has been reported for the semiarboreal A. argenteus and terrestrial A. speciosus (Sekijima 1993) . This is supported by the greater ability of A. argenteus to climb and walk with good stability on thin branches with its flexible digits and long prehensile tail (Imaizumi 1978) . Indeed, A. argenteus has a broader vertical spatial niche (Abe 1986 ). Shioya et al. (1990) also suggested the horizontal and vertical microhabitat separation between these 2 species, where A. argenteus was more dependent on a habitat with more vegetation cover (deep litter layer and rich overstory), whereas A. speciosus preferred forest floors covered with herbs. Based on these previous studies and our own results that a larger number of tree species were consumed by A. argenteus compared to A. speciosus, it could be argued that A. argenteus has adapted to feeding on a more diverse range of tall trees through the development of a more advanced ability to climb, as a consequence of competition pressure from A. speciosus during the course of their establishment process in sympatry. Thus, the ecological differences between the 2 Apodemus species would appear to be reflected in the relevant correlated aspects of morphology, dietary ecology, and locomotion. The vertical axis indicates the number of occurrences that wood mice consumed the plant taxa identified. Because individual wood mice consumed 2 or more dietary items, the total number of occurrences exceeded the number of wood mice. 5G). As observed in the trend of the consumption of Fagaceae species in the autumn, it appears that A. argenteus and A. speciosus also take a generalist and a specialist strategy, respectively, for the Ulmaceae species (assumed to be Ulmus sp.), depending on plant availability in each season. It was also suggested that the 2 Apodemus species consumed Oleaceae species in different seasons. We assumed this species to be the Manchurian ash, F. mandshurica, based on the plant species inventory of the study site, which is consistent with the observation that European Apodemus species (A. sylvaticus) also feeds on the congeneric plant species, Fraxinus excelsior (Hulme and Hunt 1999) . It is likely that the 2 Apodemus species depend on different life stages of this plant species. Seeds of the Fraxinus species are rich in phenolic compounds (Jensen 1985) , which include tannins as a subclass. Thus, it is interesting that A. speciosus, which has a greater tolerance of tannins, consumed the Fraxinus species in autumn (when Fraxinus species produce seeds) more frequently than A. argenteus. Instead, A. argenteus might have consumed other parts of the plant, such as flowers that appear in spring and summer.
Utility of the number of reads for dietary studies.-In this study, the number of reads from the Ion PGM sequencer generally provided congruent results with the binary occurrence data. Therefore, as suggested by some recent studies (Willerslev et al. 2014; Kartzinel et al. 2015; Nakahara et al. 2015) , the number of reads may reflect the dietary proportions. In addition, the generalist-specialist relationship between A. argenteus and A. speciosus was more clearly pronounced in the read data ( Fig. 3; compare to Fig. 2) ; effects of minor dietary items were relatively weakened in the diets of A. speciosus. The number of reads may therefore be useful at detecting major food items, as Nakahara et al. (2015) suggested. It is, however, also true that special carefulness is necessary for the quantitative interpretations of sequence reads (Deagle et al. 2013) . For example, remarkable differences were observed in Rutaceae (assumed to be P. amurense; Table 1 ) and Urticaceae (assumed to be Laportea bulbifera) between the occurrence and read data (Figs. 2 and 3) . Looking into the origin of reads, ca. 70% (865/1,247) of total reads for Rutaceae (Supplementary Data SD3) came from 1 A. argenteus individual collected in September (TN340, JSFD262), and ca. 98% (762/781) of total reads for Urticaceae (Supplementary Data SD3) from 1 A. speciosus individual collected in October (TN366, JSFD226). These dominances of the specific individuals in the number of reads may exaggerate the proportions of Rutaceae and Urticaceae in comparison with the occurrence data (Figs. 2 and  3) . The number of reads may be prone to being biased by a small number of samples of which feces contained considerable amounts of a plant tissue. Such a bias caused by a small number of individuals must be considered in interpreting the overall dietary characteristics of a population with the number of reads. Many researchers have advised that the NGS read data should be interpreted, taking biological (e.g., the amount of prey, species-specific difference in DNA copies per cell, or difference in digestive efficiency) and technical (e.g., primer mismatch [choice of molecular markers], PCR efficiency, NGS sequencing direction and tags, or bioinformatics) effects into consideration (Deagle et al. 2010 (Deagle et al. , 2013 Pompanon et al. 2012; Kartzinel et al. 2015; Nakahara et al. 2015) .
Future challenges.-In this study, we captured part of the niche partitioning mechanism of the 2 Apodemus species, A. argenteus and A. speciosus. The niche partitioning includes not only differences in the basic plant components of their diet, but also in the seasonal resource use of these mice. However, the mechanism should be further tested with additional considerations: 1) In this study, most taxa were identified at only genus or family level. This is partly because the information about DNA sequences for the consumed plant taxa is still insufficient in the global DNA database. Therefore, further information about a local floral DNA database in the study site will enable finer species identification (e.g., see Nakahara et al. 2015) . 2) Further field investigations are needed to test the hypotheses that different parts of plants may be consumed in different seasons. Given that the DNA meta-barcoding approach does not provide the information on which part of a plant is consumed, a direct approach to investigate consumed parts of plants in each season may provide an additional perspective of the niche partitioning between the Apodemus species. 3) The pattern based on single-year data provided by this study should be confirmed by studies with multiple years to analyze annual variation of the diets of these wood mice. In particular, the abundance of food items is an important consideration for species coexistence and niche segregation (Soininen et al. 2015) . The abundance of acorns is known to fluctuate yearly (e.g., Onodera et al. 2017 ), but we observed the diet from 1 year only. Since acorn masting did not occur in 2013 (the previous year) and 2014 (the year examined in this study), the niche partitioning observed by this study may be specific to poor resource conditions, as observed for Darwin's finches in the Galápagos (De León et al. 2014) . A long-term assessment of the diets is needed for deeper understanding of the coexistence mechanism of the 2 Apodemus species. 4) The animal diets also must be examined, since we otherwise cannot exclude the possibility of depredation of herbivorous animals such as insects that the wood mouse consumed. 5) More distantly related species occupying the similar trophic niche also should be investigated for further understandings of the coexistence system of the 2 Apodemus species.
Considering that the 2 Apodemus species are distributed in sympatry throughout the Japanese islands from the northern subarctic to southern temperate humid climates (Ohdachi et al. 2015) , they could represent valuable ecological model organisms for understanding universal mechanisms in niche partitioning, community assembly, and species coexistence. 
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